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Page 5:  
In   l ines  10 and 11, change 31 t o  30. 
In   l i ne  12, change  62 t o  60. 

Psge 13: The following  items i n  table I should 'De corrected: 
w i n g  : 

Xean aerodynamic chord, i n .  - chnge  27 to 27.04. 

Ventral  fins: 
Area, each, sq in .  - change 25.78 to 26.08. 

Vertical   f ins:  
Area, each, sq in .  - chnge  30.92 t o  30.08. 
Root chord, i n .  - change 9.43 t o  3 .O3. 
Aspect r s t i o  - change 0.851 t o  0.875. 
m s e r   r a t i o  - chmge 0.289 to 0.299. 
Mean aerodyneaic  chord - change 6.69 t o  6.44. 

Cerrter-of-grafl-ty location - 
Percent of nean aerodynamic chord - change 21: t o  21.4. 

Page 15, Figure  2(a) : 
In the glan-form view, the dinension  labeled 40.75 from cose to c'/4 

The spanwise  dimension to E labeled 4.785 should be 5.06. 
The label E = 27.0 should be E = 27.04. 
The dfmension 6.75 between the  leeding edge znd E/& should be 6.76. 

should be 41.35. 

I 

L Page 16, Figure  2(b): 
The dimensioc for  the  root chord, shown as 9.43, should be 9.03. This 

dixension should not go to  the  wing-section  trailing edge, as shown, 
but t o  the  ver t icaLAlai l   t ra i l ing edge extended t o  the  wing-section 
lower surface. 

THIS PAGE IS LITCLASSIFIED 
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NA55IONAL ADVISORY Cc"ITTm FOR -4ERONAUTICS 

DESIGNED FOR SUPERSONIC W E E  FLIGHT 

By Thoms C. Kelly,  Melvin M. Carmel, and Donzld T. Gregory 

Results have been obtained in   t he  Lmgley  Unitmy Plan wi-nd tunnel 
at Mach nuxihers of 2.9 .sad 2.87 and Reynolds nunbers of' 3.06 x 10 6 and 
2.52 x lo6, respectively,  for a canard bomber-type configuration  designed 
for supersonic  cruise flight. Tests extended  over an angle-of-atteck 
range fro= about- -4' t o  llo and an angle-of-sideslLp  range fron -40 t o  6 O .  

These resul-ls  indicated  that  thz  original  configuration ha& a trim- 
med ~ i m u n  lift-drag r a t i o  that veried from ebout 6.1 a t  a Mach nunber 
of 2.50 t o  5.8 at a Mach  number of  2.87. The untrinmed meximunr l i f t -  
drag rztios were 6.4 and 6.2 a t  Mach nurnbers of 2.50 and 2.87. The 
reductions in m a x i m m  l i f t -drag  ratio due t o  t r imxhg  resu l t  from 
increases in drag associated  with  the  significant  canmd  incidence  angles 
required f o r  trim at  l i f t   c o e f f i c i e n t s  neaz those f o r  maxinum l i f t -drag 
r a t io .  Significant cenard incicience angles a r e  required, f o r  the most 
part ,  t o  overcom a large negative  pitching rno-nt which e x i s t s   f o r  
this  configuration at zero lift. 

Although the  original  configuration was directionally  unstable at, 
low EJIgleS  of attack,  satisfactory  directional  stabil i ty  could be obtained 
by the  addition of s i rg l e  or tiouble upper-surface  vertical fins with on ly  
sl ight  penalt ies in meximum lift-drag ra t io .  

The need for  a bomber-type a i r c ra f t  having an "creased re ta l ia tory  
capability has led t o  the concept of e long-range a -supersonic   c ru ise  
configuration. Such an a i r c ra f t  would represent a considerable improve- 
ment over  present-day bomber a i r c ra f t  which obtain  range by cruising at 
high  subsonic speeds, u t i l i z ing  a supersonic dash t o  the target .  
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Recent design  studies have indicated that the  use of the newer, 
high-energy fue ls   in  combination with advanced engine  designs and  improved . 
aerodynmic  design adds to   t he  probabilLty of developing a pract ical  con- 
figuration having suitable range and an  el-1-supersonic  mission profile. 

The Langley Laboretory of tne NACA has accordingly  initiated an 
accelerated  research program designed t o  provide  infornation on vmious 
fac tors   a f fec t ing   f l igh t   a t  Mach nuxbers gem 3.0. As one phase of t h i s  
progrm,  several  configurations, proposed for   cruise   f l ight  at Mach nun- 
bers  near 3.0, have bee? designed and tested. 

The present  paper  contains  results  obtained for a canard bomber  con- 
figuration designed -Lo obtzin  high  l if t-dmg  rztios through  the use of 
favorcble l i f t  interference.   Init lal ,  explore;tory, t e s t s  have been con- 
ducted a t   t he  Langley Unitary Plan wind tunnel at Mach nunbers of 2.50 
and 2.87 gnd at corresponding Reynolds numbers  of 3.06 x 106-and 
2.52 x 10 based on the w i n g  mean serodynamic chord. Tests extended over 
an engle-of-cttack range from approximately -ko t o  11' and an angle-of- 
sideslLp  range from Epproximtely -4' t o  60. Results  are  Sresented with 
only brief analysis i n  order -Lo expedite  publication. 

The original  configuration  consisted of a clipped-delta plan-form 
wing in coxbination  with a full-delta canard  surface. An engtne package, 
xounted beneath t h e   f l a t  lower surface of the wing, was designed t o  pro- 
duce 2 high-pressure f i e l d  over the wing lower surface.  Ventral fins r. 

were  &'cached t o  the vtr-!! t i p s   t o  provide la teral   s tabi l - i ty  and control 
end t o  augnent the  interference l i f t  generated by the engine package. d 

Several  previous  investigations have indicated some of the  dvmtages 
and disadvantzges  associcted with the canard  configuration. (See refs .  1 
t o  4, for  example.) 

The zerodynmic  force and moment data are  referred t o  tne   s t ab i l i t y  
axes ( f ig .  1) with  the  origin at the  center of gravity. The symbols used 
are  defined  as  follows: 

b w i n g  span, in. 
- 
C mean aerodynanic  chord of w i n g ,  in. 

drag coefficient, - J.D 
qws 

Base drag 
Cbb base drag coefficient, L S  



c r  
DC 

CL 

C2.S 

Cn, w 
* 

L c, 

Chember drag 
chamber drw coefficient, 

%as 

3 

internal-duct drag coefficient, 
Intern-al-&uct drq 

rmppressu re  (boundary-leyer-diverter) drw coefficient 

rolling-monen-l coefficient, 
Rolling moment 

L S b  

Pitching momnt 
pitchin-g-xoT-ent  coel’ficie_n_i;, 

%SE 

yawing-moEent coefficieat ,  
Yawing aonent 

qcUSb 

s ide-Torce coefzicient, - -1 

%?s 

d z a g  force, lb 

l i f t  Torce, lb 

siae force, lb 

maximur;? lift-dmg r a t i o  

f ree-s t rem Mach nmber 

Tree-stream dpmtic  pressure, X D / S ~  ft 
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U angle of attack of bottom surface of wing, deg 

B angle of s idesl ip  of fuselage  center line, deg 

E C  canard angle, measured with  respect t o  wing lower surface, 
positive when  leading edge is up, deg 

Tunnel 

Tests were conducted i n  the low Mach number t es t   sec t ion  of the 
Langley Unitary P lan  w i n d  tunnel, which is a variable  pressure, continuous- 
flow tunnel. The nozzle l e d i n g  to   the   t es t   sec t ion  is or" the asymmetric, 
sliding-block  type, which permits a continuous variation i n  tes t   sect ion 
Mach nmber from about 1.5 t o  2.9. 

Model 

A three-view Wawhg and the design dimensions of the model tested. 
are  shown in figure 2(a) and in table  I, respectively. 

. 

. -  
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The  wixg has e clipped-delta  plan forn, the   rem outbomd  portions 
consisting of elevons for  1ongitudin.d enxi la teral   control .  For these 
tes ts   the  elevons were fixed at Oo. Wedge-sectioned ventral   f lns  axe 
zttached t o  %he wing tiss for  gu-rposes  of l a t e r a l   s t a b i l i t y  and control 
and also  to  take advantage of favor&le l i f t  interference. The out'oomd 
surfaces of t'ie ventral   f ins  are  parallel   to  the  airstream.  Additional 
v e r t i c d  fFn surfaces,  tested  with  the  originEtl  configuration, were 
ins ta l led  i_n_ combination with  the  ventral  fins. A s j ag le   ve r t i ca l   f i n  
w e s  ins ta l led on tine  body center  l ine Esd double ve r t i ca l   f i n s  &t 0.3b/2. 
Eech v e r t i c a l   f i n  had an area of about 31- square  inches;  therefore,  with 
the added fin on the body center  line, about 31 squ&re inches of mea 
were added, and kdth  the  fins at O.3b/2, about  62 square  inches were 
added. 

The cmard  control  surface hzs a delta  plan forn with  provision 
mde t o  tes t   the  cam,rd a t  arlgles of dezlection  (relative t o  the w i n g  
lower surface) of Oo, 5O, and loo; the hinge l i n e  of the  canard WES at 
67 percent of the canard-body juncture chord. 

The body of the  configuration varies in cross  section from a 2 t o  
1 el l ipse  over the  forwad  portion t o  z conbinztion of a half-ell ipse 
end rectangle  farther rearwazd. The upper body line f a i r s  i a t o  the .wing 
upper surface at the neximn thickness  stztion. (See fig.   2(a) .) 

The overall  Zreigh-b snd width of the  engine package were determined 
by consideration of full-scele engine  dimensions.  This  package, which 
is  zttached  to  the wing lower surfece  (fig.  2(a)),  consists of ducting 
t o  provide  simulated air flow  through an engine  system end a bomdazy- 
layer  diyerter.  Because the Eodel -Lest Reyllolds nurobers  were consider- 
ably lower than  those which would be experienced in   fu l l - sca le   f l igh t ,  
the  groportion of diverter  depth  to  overall.  packwe  depth  for  the model 
is greater than tha t  which wou.l.6 be required 011 a full-scEle  airplane. 
Since  the engine-packege overall  dinensions were fixed,  the  reletively 
large bomdazry-lEyer diverter  resulted in  a reduction in model h l e t  
area from a value  compatible  with  the proposed IU7-scale  six-engine 
system. The n d e l  duct  exits, in  tum, were sized  to  the  duct  5nlet  
erea in order t o  achieve  sonic ?low a t  the duct  exit eSa thereby f a c i l i -  
t a t e  comsEtations of bter1121 drzg. The model base, therefore, is not 
intended t o  sugges-l m endine-geckage  bzse that w o i l l d  be used on a f u l l -  
scale  configuration. Photographs of the model are shorn in figure 3. 

Test  Conditions and  Procedure 

The t e s t s  were perforxed a t  a stegnation  pressure of agproxirtiately 
8 pounds per  square h c h  absolute an6 a stagnation  temperature of 1500 F. 
The dewpoiat,  Ireaswed zt  stagnation  pressure, was maintained below -30° F 
in order to assure negligible  condensation  effects. 
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All configurations were tes ted a t  Mach n .bers of 2.50 and 2.87; 
corresponding Reynolds  numbers  were 3.06 X 10 k?l and 2.52 X 106. The 
angle-of-attack  range  varied from spproxhately -4' t o  1l0, and the 
engle-of-sideslip  range  varied from about -4' t o  6'. Characteristics 
of the model i n  s idesl ip  were obtained et angles of attack of approxi- 
mately 1.l0, 5 . 5 O ,  and 12O at a Mach  number of 2.50 and a t  0 . 2 O ,  4.4', 
and 10.7' at a Mach  number of 2.87. 

The t e s t s  were conducted with  natural boundary-layer transit ion.  
However, unpublished resul ts  from more recent  tests  indicate  the  pres- 
ence of turhiLent  flow even for the  condition of natural   transit ion.  

Measurements 

Aerodynanic forces and aomencs  were deterxined by  means  of a six- 
component electrical  strain-gage  balance housed r i th in   the  engine pack- 
age. The balmce, Fn turn, was r igidly  fas tened  to  a s t ing supgort 
system and provision was d e  to   de tec t  any fouling between the model 
and sting  support system. 

Balance chamber pressure was measured with a s ingle   s ta t ic   o r i f ice  
located i_n, the   vicini ty  of tke strain-gage  balance. Base gressure  neas- 
urements were made on one side or" the model base  only,  using two multi- 
orifice  tubes which encircled  agproximtely  equal segments or' the Eodel 
bese. P e s s w e s  from these  tubes were averaged. Duct exit  pressures 
were determined on one side of the mcdel base by mems of Pour-tube 
total-pressure r&es placed i n  each of the  three  circula-r  exi-is. Each 
rake was m i f o l d e d  t o  a single  tube  in  order t o  provide an average total 
pressure for t h e  duct  exit.  A check t o  deterr-ine  the  existence of sonic 
f lov at the  duct  exit was xade by  means of a s-ia-tic pressure messurenent 
at one  of the ciuct exi ts .  

Wessure-distribdtion neasurements were also obtafned  alorg  the 
wall and floor of the boundary-layer ramp i n  an attempt t o  estimate  the 
drag penalty imgosed  by this type of diverter.  All pressures  except 
those for the boundary-lcyer diverter were  measured at each tes t   point .  

Sc:hlieren photographs of each of tne rrodel cowigu-rations were taken 
at various eStitudes and Mach nm5ers. 

Corrections 

Althoixh  calibration of tne tunnel  test   section has not been cor:- 
pleted,  xeasmed  pressme  gracients have in&ic&ted that model  buoyancy 
effects  would  be negligible.  Corrections t o  %he irdicated model angle 



of attzck h-zve been made for  both  tunnel  air-flow  misalinement and  
cieflection of Eodel ssd s t ing  support due t o  load. 

The d-rw data  Sresented  hereir heve been adjusted t o  correspond 
t o  zero  balance c h ? b e r  and base drag coefficients. In addition, the 
hternel, or duct drag, hes been subtracted from the  adjusted drzg 
vzlues end the drag coefficients  presented in  t h i s  pager represent the 
ne% externzl drag or' the  aodel. 

Accuracy 

Based upon balance calibration and repeatabi l i ty  of dats, it is 
estimzteci that the various measured quantAtLes axe acdurEte within  the 
following 1Lniits at low l i f t   coef f ic ien ts :  

CL . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  kO.004 

c; . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  co.001 

CISb . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  +,0.0002 

CT;, . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~0.0002 

Cbi  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  m.0002 

c, . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  +0.001 

C Z +  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  f0.0002 

Cn,w . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  +O.OOO~ 

cy . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  f0.002 

a, deg . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20.15 

B , d e g . . . . . . . . . . . . . . . . . . . . . . . . . . . .  m.10 

The ~ a x i h u m  deviztion of local Vich nurcber from the free-stream 
values  given i s  20.015. 
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Results  of  this  investigation  axe  presented in the foUowing figures: 

Figure 

Typical  schlieren  photographs  of  original  model . . . . . . . . .  4 

Variation of internal, cbtber, base, and boundary- 
layer-diverter drag coefficients  with  angle of attack . . . . .  5 

Effect of cemxrd on aerodynamic  charecteristics in pitch . . . .  6 

Effect  of  ventral  and  vertical  fins on aerodynamic 
chmacteristics in  pitch . . . . . . . . . . . . . . . . . . .  7 

Effect of ventral  and  vertical  fins on aerodynamic 
c'macteristics in sideslig, M = 2.50 . . . . . . . . . . . . .  8 

Effect  of  ventral  end  vertical fins on aerodynemic 
chesacteristics in sideslip, M = 2.87 . . . . . . . . . . . . .  9 

S m ~ n y  or" aerodynmic characteristics in pitch . . . . . . . . .  10 
Variation  of trkmed L/D with  lift  coef"'  rlcient . . . . . . . . .  11 
Variation of canerd  effectiveness  parameter  vith  Mach 
number for several  lift  coefficients . . . . . . . . . . . . .  I 2  

Variation  uith  angle or" attack of the  static  lateral 
m d  directional  stability  derivatives . . . . . . . . . . . . .  13 

It should be  noted  khat  the  cu-rves  presented in figures 10 and 12 
were  obtained  fron  points taken at  Mach  numbers 2.50 and 2.87 only. The 
actual  varietions  with  Yach  number,  therefore, ray differ somewhat from 
tnose  shown  in t'ne figures. 

DISCUSSION 

Longitudinal  Characteristics 

Drag.- M i n i m m i  drag coefficients  for  the  original  model  (fig. 6 )  at 
Mach  numbers of 2.50 m d  2.87 are about 0.0130 for  tne  model  with  the 
canes&  at an incidence angle of Oo. Maximum lift-drag  ratios  for  this 
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conr'i,o;uation vary from about 6.4 t o  6.2  as Mech  number is increesed 
from 2.50 to 2.87 ( f ig .  10) . Remov- the cenard, or increasing  the 
can&rd angle to 5O resul ts  in only slight  veziatior-s i n  dreg  .=t low 
l i f t   coe f f i c i en t s   ( f i g .  6 ) .  Further  Fncreases in  cmard  -le t o  100 
resul t   in   substant ia l   increases   in  drag. 

The Iliaximum values of trimtied l i f t -drag   ra t io   ( f ig .  11) are about 
6.1 and 5.8 ?or Mach numbers  of 2.50 and 2.87, respectively. Corresponding 
l i f t  coefficients for these  values of  trimmed (L/D),, are about 0.145 
and 0.132, respectively. 

The addition of ver t ica l   f ins  at either  the body center   l ine  or   a t  
0.3b/2  has only  a slight effect  on min- drag, zsd czuses a 5-percent 
reduction i n  (L/D)= a t  a Mach number of 2.87.  (See f igs .  7 and 10.) 
Removal  of the  ventral fins s l igh t ly  reduces  the ninimum drag coefficient 
( f ig .  7), but lms little or no effect  on m d m u m  l i f t - h e g   r a t i o   ( f i g .  10). 

Consideration of the m,gnitu&e ol" the drag coefficier-t  for  the orig- 
inal  configuretion  -hc%icates t h - t  the dreg result ing from the energy loss 
of the air flohving through the boundary-layer diverter amounts t o  approxi- 
m t e l y  8 percent of the   total .  The full-scale-airplane  diverter drw 
b ~ o ~ l d .  probably not be this   large,  in-amuch as i t s  boundmy layer is  
reletively  thinner end a sml l e r   d ive r t e r  would be required. 

Lift.-  Results  presented i n  figure 6 izdicate  that  %he original 
nlodel exhib i t s   pos i t ive   l i f t  at m- angle of attack of Oo. It is beueved 
V a t  xuch of t h e   l i f t  increment shorn- comes *on a posit ive  pressure  f ield 
generzrted on tne h i n g  lower surface by the engine package. It is in te r -  
estb-g to note  (fig. 7) tht the  ventral  fins  appazently  contein t l d s  
positive  pressure  field sonewhat, thereby aiagmenting the  b-terference 
l i f t  caused by the presence of t h e   e w w e  pzckzge. This  effect i s  most 
noticeable at a Mach  cumSer of 2.50. 

FigLre 10 indicates  thet  canazd angle has only a s l igh t   e f fec t  on 
lift-curve  sloge. As would be expected, removal of the canard  resizlts 
i n  a noticezble  decrease i_n_ lift-curve  slope. Also, t he   l i f t   i nc reases  
slightly wi-th an increase ir canard  incidence an_gle; therefore, trim 
lift-cwve  slopes  for  these conr'igurEtions would be higher than those 
shovn ir? Tigure 10 which are  for  mtrimed  conditions.  

Pitchl;  moment.-  The center-of-gravity  location used for  the  pres- 
eGt tes t s ,  which -was at the approx-te model ceater of volune, was 
selected  to  give a value of aC,/aCL of about -0.05 at a Mach number 
of 2.87 ( f ig .  10) . It should be noted  here that unpublished data indi- 
cate thet this  certer-of-gravity  location would lead t o  longitudinal 
ins tab i l i ty  a% subsonic Mach numbers. Therefore, it ray be necessery 
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50 cmsider  eit,her maving the  center-of-gravity  location  or  folding 
the canard in order t o  provide a stable  configLration  for subsonic 
f1 ight . 

The Fitching-rraxent  c'xves sho-rn in   f igure 6 are  interesting  in 
tha t  they  consist  basically of t-m linear  portions,  with a stabil izing 
breek  occurring a2 lFft  coefficients  near  those  for (L/D)mm. This 
suggests  the  possibility of having a configuration which may be  made 
very  nearly  mutrally  stable  for  cruise  conditions  with  sufficient  sta- 
bi l i ty   avzi lable  for maneuvering f l igh t .  

F i g n e  6 also shows tha t  w i t n  the canard a t  en angle or" incidence 
of Oo, a negative  pitching nomeat occurs zt zero l i f t ,  resul t ing  in   the 
reqdirernenc tbt lzrge  cmard  angles be used for  t r i m  a t  lift cocffi- 
cients neaz those f o r  (L/D)-. The large  canard  incidence angles 
lead, k turn, t o  substantial reductions in  maxbLu~ l i f t -drag ratios. 
(See f igs .  LO and 11.) This  adverse  condi3ion would  be further aggra- 
vated a t  higher Mach aur.bers because or" the  decrease  in  canard power 
( f ig .  12). A s  previously mentioned, s m a l l  changes i n  canard  incidence 
have l i t t l e   o r  no effect  on  rraxirnaq 15ft-drag ratio,  thus  indicating; 
that   the canard can  be  st^? efficient  longitudinal  control f o r  a properly 
designed  configuration. One method  of obtairing  zero o r  positive  pitching 
rxoyAent a t  zer3 l i f t  wocl& be redesign of the wing section.  Results  pre- 
sented in  reference 5 also  indicete that modification  to  the forebody 
may be rmde i n  such a way that  posit ive pitching-nor-ent sh i f t s  may be 
ob'ained  wi%h l i t t l e  or no  change i n  drag. 

Lateral   Stabi l i ty  

Results presen+,ed in  f igures 8, 9 ,  an& 13 indicate  thet   the  original 
model with  the  ventral  fins renoved i s  directionally  unstable at a l l  
angles or" attack at both Nach numbers. Addition of the   ventral   f ins  has 
a significw-t  stabil izing  effect;  ho-wever, the  original model is s t i l l  

directionally  unstable  at  zngles of atteck  less  than about b- at a Mach 

nTr,ber of 2.50 and Go a t  a Nach  number  of 2.87. The directional  sta- 
b i l i t y  clecreases  with  an increase i n  Pkc:? number and, for   the  or iginal  
configuration  with its vertical-surface mea a l l  in ventral  form, 
increases with an increase  in angle of attack. (See f ig .  13. )  Further 
eddition of ei ther  +,he single or double  u2per-surface ver t ica l  Tins  pro- 
vides  configurations  that are  directicnally stzble throughout  the angle- 
of-attack  range  tested at both Mach nuibers. 
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It is interest ing  to   note  in figure 13 that  at angles of attack 
near Oo the double  upper-smface  vertical  fins  contribute zn increnent 



in   d i rec t iona l   s tab i l i ty  which I s  epproximtely  t-vice  that  indicated 
for  the  single  vertical  Tin. At a Mach nmber of 2.87, the  increnent 
h e  t o  the additioz of the double  upger-surfece Tins rerneins almost 
conster-t throughout the  argle-of-attack  range, whereas the increnent 
associated  with  the  single f i n  decreases  with  engle 03 &tack m d  
mproaches  zero a t  angles of &tack  near loo. It is believed that the 
varietions shaky- a r e   r e h t e d   t o   t h e  sidewash f i e l d  origin-ating a t   t he  
wing-bdy jmcture.  (See r e f .  6 . )  

Figure 13 also shows that ,  a l l  t e s t  configurations exhibit   posit ive 
effective  ahedxal.  A s  vould be expected,  the  ventral fins reduce the 
d i h e b a l   e f f e c t  somewhat. 

Results of an Fnvestigation of a canad  bomber-type con3igurgtion 
st Mach numbers of 2.50 and 2.87 i rdiczte   the following: 

The originel configuration had a trhmed ~exinux l i f t -Lrag   ra t io  
which vzsied from aboat 6.1 et s. Mach  number of 2.50 to 5.8 z.t a 1 ch 
nunber of 2.8 at corresponding t e s t  Reynolds nmbers of 3.05 x 10 
an6 2.52 x 10 . U n t r k e d  n ? z x i m ~  Hlt-drag ratios were 6.4 m d  6.2 at 
Mach n-umbers 05 2.50 end 2.87, respectively. The reductions in naxhwn 
l i f t -d rzg   r c t lo  due t o  t r imming  resut   f ro=  increases  in d ~ z g  associated 
with  the  sigzificant  canard iocLdence m@es required fo r  trim at lift 
caefficfenks near those for nraxixum lii%-drag re-lios. Significank cazlard 
inddence angles are  required,  for  the mst part ,  t o  overcome a large 
negative  pitching nomen$ which exis ts  f o r  this  configuration at zero 
lil"t. It is  f e l t  that modification of the model forebody mzy  be =de 
i n  such a manner as t o  obta-Ln posi t ive  shif ts  in pitch- nomenk with 
l i t t l e  or no change i n  drag so that, smdler cmard w l e s  would be 
require& for t rh .  

2 2 

Although %he original configuration was directionally unstEble at 
low aagles of attack, s&.tisfactory d i rec t iona l   s tab i l i ty  could be 
obtaked by the  zddition of upper-surface  vertical  fins hitjn only small 
pezzlties +n m a x m  lift-drcg ratio. 

Laogley Aeromutical  Laboratory, 
National Advisory Committee for  Aeromutics, 

Langley Field, VE., Pebrumy 13, 1958. 

. 
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TABZ;E I . . MODEL DESIGN DIMENSIONS 
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. 

wing : 
Area. sq f t  . . . . . . . . . . . . . . . . . . . . . . . . .  4.183 
spm. +A . . . . . . . . . . . . . . . . . . . . . . . . . . .  23.33 
Root chord. ia . . . . . . . . . . . . . . . . . . . . . . . .  36.00 
T i p  chord. in . . . . . . . . . . . . . . . . . . . . . . . .  15-73 
Aspect r a t i o  . . . . . . . . . . . . . . . . . . . . . . . .  0.904 
laper   ra t io  . . . . . . . . . . . . . . . . . . . . . . . . .  0.437 
Mean aerodp-&c chord. in . . . . . . . . . . . . . . . . . .  27.00 
Leading-edge sweeg.  deg . . . . . . . . . . . . . . . . . . . .  62 
Airfoil   section . . . . . . . . . .  Double  wedge. f l e t  lower surface 
Thickness-chord ratio (with mxLmu.n 'chidmess a t  

70 percent  chord) . . . . . . . . . . . . . . . . . . . . .  0.025 

n 

Cenard: 
&e z. ( to te l ) .  sq I't . . . . . . . . . . . . . . . . . . . . .  0.700 
Area  (e-xposed) . sq ft . . . . . . . . . . . . . . . . . . . .  0.370 
Spm. in . . . . . . . . . . . . . . . . . . . . . . . . . . .  14.66 
Root chord. in . . . . . . . . . . . . . . . . . . . . . . . .  13.75 
Tip chord . . . . . . . . . . . . . . . . . . . . . . . . . .  0 
Aspect r a t i o  . . . . . . . . . . . . . . . . . . . . . . . .  2.13 
TEper ratLo . . . . . . . . . . . . . . . . . . . . . . . . .  0 
Mean aerodynamic  chord. in  . . . . . . . . . . . . . . . . . .  9.17 
Leedbc-edge sweep. deg . . . . . . . . . . . . . . . . . . .  62 
Airfoil  section . . . . . . . . . . . . . . . . . . . .  Double -edge 
Thickr-ess-chord r a t i o  (with n?aximm thickness at 

70 percent  chord) . . . . . . . . . . . . . . . . . . . . .  0.025 

Vellirel fins : 
k e a .  each. sq ~n . . . . . . . . . . . . . . . . . . . . . .  25.78 
Airfoil  section . . . . . . . . . . . . . . . . . . . .  Single wedge 

Vertical  fins: 
Area. each. sq I n  . . . . . . . . . . . . . . . . . . .  
Height. i n  . . . . . . . . . . . . . . . . . . . . . . .  
Root chord. in . . . . . . . . . . . . . . . . . . . . .  
Tip chord. in  . . . . . . . . . . . . . . . . . . . . .  
Aspect r a t i o  . . . . . . . . . . . . . . . . . . . . .  
Taper r a t i o  . . . . . . . . . . . . . . . . . . . . . .  
Mean aero&ynanic chord. In . . . . . . . . . . . . . . .  
LeEding-edge  sweep. deg . . . . . . . . . . . . . . . .  
Airfoil   section . . . . . . . . . . . . . . . . . . . .  
Thickness-chord rEtio (with mimum thickness at 

70 percent  chord) . . . . . . . . . . . . . . . . . .  

. . .  30.92 . 5.13 . . .  9-43 . . .  2.70 . . .  0.851 . . .  0.289 . . .  6.69 . . .  62 
Double wedge 

. . .  0.025 

Center-of-gravity  location . 
Percent overall length . . . . . . . . . . . . . . . . . . .  64 
Percent of meen aerodynamic chord . . . . . . . . . . . . . .  24 

. 
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( a) Original model. 

Figure 2.- Model debails. AI1 dimensions in inches unless otherwise noted. 



-29.42 

(b) Vertical tail (shown at  0.3b/2 1ocati.on) . 
Figure 2.- Concluded. 
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(a) Three-qumter f ront  view. L-5’7-4321 

Figure 3. - Model photographs. 



(b) Plan-form view, top. L-57-+: 

Figure 3. - Continued. 
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( c )  Plan-form view, bottom. 

Figure 3 - Continued. 
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(a) Front view. 

Figure 3. - CGntinCtd. 
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(e) Ducting and boundmy-layer diverter.  L-57-lcj24 

Figure 3. - Concluded. 
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0=-3.2O0 

a=Oo 

a=5.5O n: 12.00 

(a) M = 2.50. ~-38-121t 

Figure 4.- Ty-pical szhlieren phctographs of original mdel. p = 0'. 
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a-4.4O a-10.6" 

(b)  14 = 2.87. 1;-58- 129 

Figure 11. - Concluded. 
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o 2.50 
o 2-87 

Figure 5.- Variation of internal, chamber, base, and ramp-pressure drag coefficient with angle 
of attack. 

I 
u I? 

i3 
N m 



E 

* 

NACA R4 L28B28 

.I 2 

. f  0 

.OS 

.OS 6 

.04 

.02 

0 

-.2 -.I 0 1 .2 .3 4 .5 

CL 

(a) !/r = 2.50. 

Figure 6 . -  Efrect 02 cenasd on aerodynazic c 'mac te r i s t i c s  i n  pitch. 
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(b) M = 2.87. 

F i g u e  6. - Concluded. 



(a) M = 2.50. 

Fi,me 7.- Effect of vectral and. v e r t i c a l  fins on aerodynamic chazacter- 
i s t i c s  in pitch.  6, = Oo. 
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(b) M = 2-87. 

Figure 7.- Concluded. 
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(a) Concluded. 

Figme 8. - Colztinued. 
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P* deg 

(b) a = 5 . 5 O .  

Figure 8. - Cont i-n-ued. 



(b) Concluded. 

Figure 8. - Continued. 

NACA RM ~ 5 & ~ 2 8  

. I  2 

4 1 0  

.08 

.06 

.04 

.02 

0 



E 

Y 

NACA El4 L58828 - 33 
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(c) a = 12.0°. 

Figuze 8. - ContiTded. 
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( c) Concluded. 

Figure 8.- Concluded. 
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(a) a = 0.2O. 



NACA RV ~ 5 8 ~ 2 8  
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Fi,we 9.  - Contin-cd. 
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Figure 9.- Continued. 



(Is) Concluded. 

Zigure 9. - Continue&. 
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( c )  a = 10.70. 

Figure 9.- Continued. 
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( c )  Conclude&. 

Figme 9.- Concluded. 
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NACA R4 ~ 5 8 ~ 2 8  -" 

0 Original  model 0 
Or ig inal model 5 

0 Original  model 10 

2.4 2.5 2.6 2 . 7  2.8 2.9 3.0 
M 

( E )  Effect of canard  surface. 

Figure 10.- Summary of a e r o d y n d c  characteristics in pitch. 
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0 Original model 
D Ventral  f i n s  o f f  
O v e r t i c a l  f i n  added on 

9.4 2.5 2.6 2.7 2.8 2.9 3.0 
M 

(b) Effect or' ventral an& vertical fins.  

Figure 10.- Concluded. 
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Figure 11. - Variation of trimmed 
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L/D with lilt coefficient . 
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Figure 12.- Variation of canard effectiveness parameter with Mach number for several l i f t  
coer’f icLents . 
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Conf i gurat ion 

Or i g i n a l   m o d e l  
"" Ventr 1 fins  off 

"- V e r t i c a l  f i n s a d d e d  a t  0.3 b/2 
" V e r t  r c a l  f in .   added  on E 

a, deg 

stat ic  lateral and dhec t iona l  s t a b i l i t y  
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derivatives. 


